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本文以翡翠贻贝(Perna Viridis)为实验动物初步探讨了 TBBPA 的毒理学效应，检
测了暴露于 1µg/L（低浓度组）、10µg/L（中浓度组） 和 100µg/L （高浓度组）
TBBPA 1、4、7、14、21、28d 后，翡翠贻贝消化腺内还原型谷胱甘肽(GSH)含
量的变化、氧化型谷胱甘肽(GSSG)含量的变化，以及谷胱甘肽代谢相关酶——





CDNB、NBC、ETHA 为底物测得的翡翠贻贝消化腺 GST 的 大反应速度(Vm)，
米氏常数(Km)为：6.779μmol/L/min，0.295mmol/L；6.236μmol/L/min，
0.073mmol/L 和 80.373μmol/L/min，0.283mmol/L。 
2. TBBPA 暴露下，翡翠贻贝消化腺 GSTs、GST-π、GST-α活性的变化趋势
有所不同。GSTs 和 GST-α 在整个实验阶段表现为诱导效应，其活性都在第 1d
即出现显著增加，并在第 14d 达到 大值，而后逐渐下降，但基本上仍高于对照
组；而 GST-π 活性在暴露前一周都被抑制，第 14d 却被诱导至 大值，而后逐
渐下降至对照水平。 
3. 低浓度和中浓度组 GPx 活性，暴露前期(1、4、7d)诱导，中期(14d)达到
大值，后期(21d)诱导水平下降，到第 28d 回到正常值，高浓度组 GPx 活性大
体呈抑制状态，但亦有类似变化趋势。 
4. 在不同浓度 TBBPA 的暴露之下，低浓度组 GR 活性除第 4、21d 表现为
抑制外，其它时间点与对照组没有显著差异；中、高浓度组 GR 活性第 1d 即被
诱导到 大值，而后逐渐下降表现为抑制效应，在第 21d 所有浓度组 GR 活性均
被抑制。 
5. 不同浓度 TBBPA 的暴露，使得翡翠贻贝体内 GSH 含量呈现出单一减少
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露后期略有回复，但仍显著低于对照。GSH 含量的变化趋势与 GSTs 和 GPx 活
性的变化相吻合。GSSG 的含量在暴露第 1d 没有显著变化，而后随暴露时间延
长各浓度组GSSG含量都大致表现为持续增加，尤其是高浓度组。在第 28d，GSSG
含量达到 大。随着暴露时间的延长，各浓度组 GSH/GSSG 的比值持续下降，
由暴露初期的 3.3 左右下降到 1.7 以下，高浓度组 GSH/GSSG 的比值更是降为
仅有 1.2。TBBPA 暴露后，各浓度组总谷胱甘肽(TGSH)含量变化并不明显，只
有在第 4、14d，低、中浓度组 TGSH 含量下降，后期各浓度组 TGSH 含量逐渐
回复，至第 28d，中、低浓度组 TGSH 含量回到正常水平，高浓度组 TGSH 含量
出现一定的上升。 
6. 在 TBBPA 的暴露下，GST 与 GPx 活性之间存在显著正相关，低浓度组
相关系数在 0.759 以上；高浓度组 0.916 以上。说明两者功能存在协同作用，共
同在抵抗氧化胁迫中发挥重要作用。 

















In recent years, Tetrabromobisphenol A (TBBPA) is widely used flame- retardant 
in the world; a few researches show that TBBPA is potentially harmful to the 
environment. Therefore this study was performed to evaluate the possible toxic effects 
of TBBPA on mussel (Perna Viridis). In this work, mussels were exposed to TBBPA 
with the concentration 1 μ g / L, 10 μ g / L and 100 μ g / L for 1, 4, 7, 14, 21 and 28 
days, the content of GSH and GSSG, as well as activities of several relative enzymes 
such as GSTs, GST-α, GST-π, GPx and GR, were measured. Purification and 
characterization of GST in mussel were also done. The results showed: 
1. SDS–PAGE analysis of the separated mussel GSTs indicated there are two 
distinct subunits of the enzyme with molecular masse 26 and 27 kDa respectively. 
Enzymatic kinetic analysis of the mussel GST using CDNB, NBC and ETHA as 
reactants resulted in Vmax and Km values of: 6.779 μ mol / L / min, 0.295mmol / L; 
6.236 μ mol / L / min, 0.073mmol / L and 80.373μ mol / L / min, 0.283mmol / L, 
respectively. 
2. Exposed to TBBPA, GSTs and its isozyme GST-π, GST-α’s activity showed 
different changes. GSTs and GST-α showed inductive effects in the whole experiment. 
The activity of GSTs and GST-α both increased significantly on the first day, and 
reached the maximum on the 14th day, then gradually declined, but still higher than 
the control group. Meanwhile the activity of GST-π was inhibited in the first week, 
and induced to the maximum on the 14th day, then gradually dropped to the level of 
control group. 
3. The changes of GPx activity in low and mid concentration groups were similar. 
In early exposure phase the activities were induced, reached the maximum in 14th day, 
and then declined to normal in 28th day. Although the activity of GPx was inhibitory 
in the high dose group, the trend was also similar with low and mid concentration.  
4. After the exposure of different concentrations TBBPA, mussel GR activity in 
the digestive gland had no significant difference in the low concentration except the 
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concentration was induced to the maximum on the first day, then gradually declined 
and turned to the inhibitory effect, but on the 21st day GR activity was inhibited in all 
groups.  
5. During the exposure of different concentrations TBBPA, the content of GSH in 
mussels decreased in all groups, the minimum was in the 14th day, and then slightly 
increased, but still significantly lower than the control. At the same time, GSSG 
content increased gradually especially in the high concentration group. On the 28th 
day, GSSG content reached the maximum. With the expanding of exposure time, the 
ratio of GSH / GSSG dropped continually from 3.3 to 1.7, the high concentration 
group even reduced to 1.2. But the total glutathione (TGSH) content showed no 
significant difference, except the 4th and the14th day, when TGSH declined in low 
and mid concentration group, and the 28th day, while there was a rising in high 
concentration group. 
6. With the exposure of TBBPA, there was a significant positive correlation 
between GST and GPx activity. The correlation coefficient was above 0.759 in the 
low concentration and above 0.916 in the high concentration, indicated that there is a 
synergism between GST and GPx and they played an important role in oxidative 
stress.  
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图 1－1 四溴双酚 A(TBBPA)的结构式 
















































三、TBBPA 的毒性效应   
3.1  TBBPA 对哺乳动物的毒性 
TBBPA 对人体的毒性影响的资料十分有限, 只有1例关于TBBPA 对人的
皮肤致敏性刺激实验, 研究结果显示, 54个志愿者均未有皮肤敏感性刺激[19]。 
而TBBPA对哺乳动物的毒性研究主要集中在鼠和兔等动物。 
TBBPA对哺乳动物的急性毒性较低。1999年Meerts等人研究发现TBBPA对
大鼠、小鼠的口服半数致死量(LD50) 分别为10和5g/kg, 对家兔皮肤染毒的LD50 
大于2 g/kg [20]。 
更深入的体内外实验同样以国外开展得比较丰富，1995年，世界卫生组织公
布的研究结果表明，TBBPA 对实验动物不具有致敏性。只有当对家兔以
2500mg/kg TBBPA 进行刮痧时, 可见家兔皮肤出现轻微红斑[3]。有体外实验表明, 
TBBPA 可与人类甲状腺结合蛋白(TTR)有效结合, 结合力比甲状腺激素(TTR 






理指标的研究。小鼠经口服TBBPA 2200mg/( kg·d) 4 周后, 可导致小鼠生理指
标发生一系列改变，比如出现体重下降、脾脏重量增加、红细胞浓度降低、血清
蛋白浓度降低、血清甘油三酸酯降低等现象 [23]。而大鼠经口服TBBPA 



















对雌性大鼠及其胚胎的影响, 结果发现，高剂量组妊娠6～16 d 的雌鼠以10 g/ 
( kg·d) 口服TBBPA后, 5 只大鼠中有3 只死亡, 但是没有观测到TBBPA 的致
畸性；该研究还显示, 对妊娠10～16 d 大鼠进行TBBPA 染毒, 可观察到胎鼠的







3.2  TBBPA 对水生生物的毒性效应 
TBBPA对水生生物的毒性效应研究非常有限。国内仅有的几例研究主要都
是 近几年才开展的，而国外起步时间比国内要早，研究内容也更丰富。 
1995年，IPCS (International Program on Chemical Safety)公布三种鱼——蓝
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